Unsteady aerodynamic analysis of Inlet Guide Vane (IGV)/rotor interaction is conducted with a commercial CFD solver, STAR-CD. 12% and 26% IGV axial chord IGV/Rotor spacing configurations were examined for 100% corrected speed at choke, peak efficiency and near stall conditions to investigate bow shock/tip leakage interaction within blade rows. Comparison with IGV surface unsteady pressure experimental data indicates good agreement at the IGV trailing edge across the span for both spacing configurations; therefore, validating the modeling of the high speed, highly loaded transonic compressor. The strongest effect on the tip clearance flow physics was caused by decreasing the axial spacing. The 12% axial spacing, baseline configuration had a significant effect on the cross location of the leading edge tip vortex and the rotor bow shock (i.e. the lambda shaped interaction region). In addition, the double leakage moved downstream of the bow shock due to the IGV wake for the close spacing. At 26% axial spacing, the IGV wake influence was not significant. The back pressure influence was important. The high loading at the near stall condition prevented any significant IGV wake interaction effect on the tip clearance flow. For the chocked flow condition, the bow shock structure change (going from a normal shock to an oblique shock) reduces the bow shock strength. The IGV wake caused the tip vortex to intensify, this is mainly caused by a decrease in the bow shock strength. Vortex breakdown occurs due to deceleration after passing a strong shock, which for the choked case does not happen until the vortex reaches the passage shock.
Introduction
With the development of modern jet engines, thrust-to-weight ratio has been greatly improved 1. Unsteady wake influence on tip vortex/blade row shock interaction.
2. Unsteady wake influence on double leakage.
3. Axial spacing influence on unsteady wake, and shock/tip leakage vortex interaction.
4. Back pressure influence on unsteady wake, and shock/tip leakage vortex interaction. 
Experimental Facility

Computational Grid
The SMI facility has 24 IGV and 33 rotor blades.
The ideal model would include 8 IGV and 11 rotor blades, which will be expensive computationally due to the lack of phase lagged boundary conditions in STAR-CD. Therefore, 33 IGV blades is assumed for the computational model. 
Boundary Conditions
Stagnation pressure and temperature is assigned at the inlet plane while the exit plane boundary condition imposes a fixed pressure profile. Wall boundary conditions are applied to both blades and end walls, while the rest of the boundaries use periodic boundary conditions.
Computational Details
The gap between the IGV and rotor blade has 41 grid points evenly distributed circumferentially. 
Computational Convergence Criteria
Due to the nature of the unsteady flow, the back pressure has to be adjusted slightly to be within 0.2% of the experimental mass flow rate data to ensure the same operating points. Convergence is reached only after both inlet and outlet mass flow rates become periodic and the mean values maintain a nearly constant level for one whole revolution.
Results and Discussion
The 12% selected. The first snapshot will be before the IGV wake reaches the rotor bow shock and will be referred to as "instance 1". The second snapshot will be after the IGV wake has passed through the bow shock and will be referred to as "instance 2". Then the significant effects of variations in IGV/rotor axial spacing and back pressure on the tip clearance flow physics at these two slices in time will be investigated to highlight the importance of the unsteady flow interactions.
IGV I Rotor Blade Row Interaction
Since the CFD model has been simplified to utilize a one-to-one IGV to rotor blade ratio, the phase difference between the two instrumented IGV surfaces will be altered. So, analyzing the pressure difference across the IGV is not the appropriate method to compare the computational and experimental results. It is more appropriate to make a direct comparison to the unsteady experimental data on each surface of the IGV. Therefore, a comparison is made between the unsteady pressure response history on the two IGV blade surfaces (#1 and #2) separately. For ease of interpeting the results, each blade passage is repeated so that two blade passages are shown. 
12% IGV Chord Axial Spacing Configuration
Figs. 6 and 7 show the pressure coefficient history for the 12% IGV chord axial spacing configuration at 95% and 90% chord location for two spanwise locations 80% and 95%, respectively. Due to the smaller gap between blade rows, the bow shock interaction is even stronger resulting in an increase in the IGV surface unsteady pressures. At 95% chord, the predicted surface unsteady pressure oscillation magnitude agrees very well with the experimental data. However, unlike the 26% spacing results, at the 90% chordwise location, the computational results indicate only a slight unsteady magnitude decay greater than the experimental data. Since both the mesh and temporal algorithm utilized are basically identical to the 26% configuration, it is 
Baseline Model: 12% Axial Spacing at Peak Efficiency
At 12% axial spacing, two time instants are studied for the IGV wake effect with the rotor bow shock in the tip region. Fig. 8 (a-b) shows when the wake is behind the blade row bow shock, while Fig.   9 illustrates when the wake is in front of the rotor bow shock. Blade row contour lines (Fig. 8b) indicate the static pressure field near the casing wall.
Color contour slices (Fig. 8a) represent the relative velocity magnitude. Finally, the streamline traces ( Fig. 8(a-b) ) are colored with the normalized helicity, Hn value, with white representing 1, black = -1 and grey = 0.
As shown in Fig. 8(b) , the wake is at 40% pitch from the suction surface and behind the bow shock. So, the IGV wake directly points at the suction surface of rotor blade. Therefore, the high pressure disturbance in the negative wake jet also passes through part of the tip vortex. Consequently, the pressure troughs nearby are slightly "pushed" downstream. However, the bow shock is distorted only slightly. Therefore, the cross location of the neighboring bow shock and tip leakage vortex traveling downstream towards the rotor suction surface is slightly affected. This negative jet also produces a relative location stagnation spot on the rotor blade suction surface, which further diverts the tip clearance flow through this region. Fig. 8(b 
Spacing Influence: 26% Spacing at Peak Efficiency
Figs. 10 and 11 depict the same time instants as At the second time instant Fig. 11 , the bow shock is once again bent due to the wake disturbance, but the change of angle is smaller than the 12% spacing case. Like in the close configuration analysis, the normalized helicity indicates that the tip vortex is strongly affected by the bow shock such that vortex breakdown occurs after the shock.
Back Pressure Effects: Near Stall 12%
Axial Spacing
The near stall operating condition has the highest pressure ratio and the lowest mass flow rate. At this operating point, the rotor bow shock stands the furthest upstream of the rotor leading edge. Finally, Fig. 16 shows the boundary thickness on the suction surface undergoing considerable expansion due to the relative velocity decelerate after the passage shock which is consistant with an off design analysis. 
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